This is not a book review published 50 years late but rather a stilltimely retrospective on Elementary Seismology, the textbook written by Charles Francis Richter (1850 Richter ( -1913 and published in 1958 (Richter 1958) . The golden anniversary of its publication provides the opportunity to acquaint or re-acquaint readers with this historic work and to evaluate its longterm significance.
COMPARISONS WITH OTHER WORKS
It is true that most of the knowledge contained in Elementary Seismology already was available to the seismologist in one archive or another before 1958, because Professor Richter's textbook was by intent a compilation and summary of the subject, not a work treating one particular new theory or branch of the field. One could give the book demerits for that reason and call it merely derivative, though Richter himself was one of the chief assemblers of that pre-1958 body of knowledge on which he drew. However, the book's great achievement is the fact that someone with such a deep knowledge of seismology could present it to such a broad audience and cover such a large field. That is a positive, not a negative, aspect of the book. Taking as his definition of seismology "the science of earthquakes and related phenomena" (Richter 1958, 3) , Richter brightly illuminated the subject from many angles.
Before Richter and Elementary Seismology, there were other scientists whose one-volume works were classics of their time. One could single out Robert Mallet (1810-1881), whose fieldwork on the 1857 Naples Earthquake resulted in The First Principles of Observational Seismology (Mallet 1862). The title of his book is an unintentional double entendre, because in addition to exploring the fundamental or first principles of observational seismology, it was in fact the first significant scientific work on that subject. Mallet was primarily an engineer but also a geologist, and his book goes into both fields in great detail. As Mallet passed from the scene, John Milne (1850 Milne ( -1913 (Milne 1886) , written while he was at the University of Tokyo, could be called the definitive one-volume work on seismology of his era. Though trained as an engineer, with a geology background based primarily on mining, Milne emphasized earth science aspects of earthquakes in his book. In 1932 , John Freeman (1855 -1932 published Earthquake Damage (Freeman 1932 
BREADTH AND DEPTH
First, by saying the book is a broad survey does not mean it is lightweight, for it is neither light in terms of its size-758 pages or 1.3 kg for those with an interest in "quantitative seismology"-nor with respect to its level of detail and content. It was not written for the person on the street or the high school student but was intended rather for the university student. Its illustrations are of a scientific nature and weren't added to make the book more appealing to the general readership. Richter noted
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that "at present, geophysical theories and methods are permeating every branch of geology and effecting a gradual revolution of our thinking: for this reason it becomes desirable, if not mandatory, to give mathematics a more comprehensive treatment" (Richter 1958, iii) . There is a large amount of algebra and some calculus in the book. The mathematics can be bypassed by readers who don't need to know exactly how to locate an earthquake epicenter or how the equations of motion relate to the design of a seismograph. However, including the mathematics of basic principles makes the book of continuing relevance for the professor reaching for a handbook on the shelf.
The writing communicates vast quantities of information to the reader in a process of laminar flow. It avoids those patches of bothersome verbal turbulence present in most long books, where the reader is bumped out of the straight-ahead progress of the discussion and forced to reread a previous section to get back in the mainstream of thought. In its first 24 chapters, Elementary Seismology deals with earthquake phenomena as they occur in general, concluding with a chapter of interest to engineers and other nonseismologists called "Earthquake Risk and Protective Measures, " which is still a valid way to encompass what we today call preparedness, mitigation, and risk management. Richter took the time to acquaint himself with topics that extended beyond earth science, such as earthquake insurance, and included them in the book. Many a civil engineering student has been assigned readings from this textbook for an earthquake engineering class, even though it has served a primary audience of earth science students over the decades. Another nine chapters are on different seismic regions of the world. For the engineer, or for the seismology student whom Richter thought should have some background in how that science is applied to "Earthquake-Resistant Construction, " one of the 17 appendices has that name and scope. Within the book are a multitude of useful listings and accounts of past earthquakes in terms of their destructiveness and other seismological data. Before Richter, some of the more well-known books on earthquakes tended to highlight only a few prominent earthquake disasters as illustrations, without providing an encyclopedic resource as Richter did. To Richter, an earthquake was the seismograms it produced but also its other aspects, and he collected earthquakes in his book the way a biologist collects and categories species. Today, just as cellular biologists who study the basic units of life rather than organisms have become more prominent within university biology departments, seismologists have tended to focus their attention on fundamental geophysical aspects of earthquakes rather than collecting them as multifaceted entities as Richter did.
THE PERSONAL AND GEOGRAPHIC CONTEXT OF RICHTER'S CAREER
The California Institute of Technology recruited Richter to work in its new Seismological Laboratory in 1927. He had not been trained as a seismologist but as a physicist and astronomer. This was to be a highly successful "retrofit." It was also quite unlike anything today in the now-specialized field of seismology, where a professor who studies and teaches seismology has almost always been educated in that branch of earth sciences for several years. Richter lived and worked in southern California, a region of frequent local earthquakes that provided information for strong-motion seismology. With the advent of modern seismographs that could sensitively measure distant earthquakes, most any region could be a suitable place for establishing a seismological research program. A region such as Europe had the advantage that it was where modern seismology first began to develop. In seismically active Southern California, however, Richter had the advantage that nearby earthquakes as well as ones halfway around the world were frequently recorded. That dual interest concerning near and distant earthquakes remained very much a part of Richter's career and is woven throughout his book. It was in this region on 10 March 1933 that the Long Beach earthquake occurred. That earthquake produced the world's first significant accelerograms from the program launched by the U.S. Coast and Geodetic Survey the year before. The earthquake led to the historic Field Act and Riley Act, the first widespread seismic regulations in building codes in the United States. Engineers in California now had a building code and a professional need to apply the latest in knowledge about earthquakes in their work. Richter was in the right place at the right time to be motivated by that application.
The head of Caltech from 1921 through 1945 was Robert Millikan , and Millikan took a strong leadership role among the technical and public communities in producing a consensus after the 1933 earthquake for the need for seismic safety policies in southern California. Long before that, Harry Wood (1879 Wood ( -1958 , together with Caltech astronomer John Anderson (1876 Anderson ( -1959 , invented the Wood-Anderson seismograph, resulting in an array of instruments in 1923 funded by the Carnegie Institution that was later acquired by Caltech and greatly expanded. The Wood-Anderson seismographs created so much high-quality and standardized data on earthquakes that by 1935 it led Richter to develop what he called the Instrumental Magnitude Scale (Richter 1935) , which ended up being commonly called the Richter Magnitude Scale. Caltech's R. R. Martel (1890 Martel ( -1965 , the first civil engineering professor in the United States to devote a career to earthquake engineering, had begun to specialize in the subject a few years before Richter's initiation into seismology at Caltech. Martel's student, Caltech professor George W. Housner (b. 1910) was to be one of the founders of modern earthquake engineering as it developed rapidly after World War II. Of course, Richter also had notable earth science colleagues to collaborate with at Caltech, including Beno Gutenberg and John Buwalda (1886 Buwalda ( -1954 . All of these influences at Caltech and in southern California are mentioned because they help explain why Richter's book blends practice and theory. It clearly shows the signs of having been written by a seismologist who lived in earthquake country.
DEVELOPMENTS SINCE 1958
If Richter were alive today to revise his book, what would be the biggest changes in the past 50 years that he would have to take properties a kilometer away, or how a given set of earthquake waves propagate through one site and travel a moment later through another site, today's knowledge base is relatively large. In 1958 it was extremely small. This increase in detailed-scale knowledge of ground motion is an advancement that has great engineering significance. Site-specific ground motions for the design of a building in one area of a city may be significantly different than for an identical building in another part of the city. Localized soil factors are applied in building codes today with much greater fineness in their mapping than a few years ago. In fact, in 1958 the Uniform Building Code did not include any soil factor in its prescribed calculation of the seismic forces that a structure was designed to resist.
Major structures are designed today via computer simulations that propagate earthquake vibrations through the soil, into the foundation, and into the structure, and also perform soil-structure interaction analyses to consider the reverse flow of energy from the vibrating structure back into the ground. Even simple structures are designed today with recourse to the response spectrum method, which, while it had been developed in theory by 1958 was not yet enabled by enough high-quality strong-motion records and enough computer "horsepower" for the technique to have become widespread. For example, Maurice Biot (1905 Biot ( -1985 did early research at Caltech on the response spectrum method using only four strong-motion records that he found of sufficient "sharpness and cleanliness" (Biot 1941, 157) , using those terms because he worked in the era of optically recording accelerographs that lasted until the 1980s. In just one later earthquake, the 1971 San Fernando earthquake, 241 strong-motion records were obtained (Maley and Cloud 1973, 326) and from then on the quantity of records has increased greatly. Around that same time the digital computer, an invention essential to practical use of the response spectrum method, began to develop in leaps and bounds. In 1958, very few seismologists had enough to work with to specialize in strong-motion studies. Today, with more data, more advanced theory, and continually improving computational abilities, many seismologists specialize in this field.
Today's theoretical earthquake physics methods model from first principles a fault, its possible ruptures, and the resulting ground motions at any particular site of interest. That approach is a big change from 1958, and one that would no doubt have fascinated Richter with his strong interest in the physics of earthquakes. But in practical terms, perhaps this new modeling capability is not so great as to yet be called revolutionary. When it comes to designing earthquake-resistant construction, engineers are still conservative in comparing the projections of ground motions available today from strong-motion seismologists with past observations of strong motions and their effects on construction. Indeed, projections of future ground motions for practical design purposes are still extensively based on statistical analysis of past earthquake records. In his book, Richter gives a large amount of space to the effects of earthquakes in meizoseismal areas, or what might be called "bull's eye" regions. An updating of Richter's book today probably still would include the conclusion that "some of the best evidence on the nature of earthquakes comes from field work in the limited meizoseismal area" (Richter 1958, 22) . Not only earth scientists but especially engineers still need to go to the earthquake site to observe the effects, see the details of the behavior of the ground, and analyze what kind of construction performed well or poorly, and this is also true with respect to studying emergency response and recovery. Richter's appreciation for both the general theory of earthquakes and the varying particulars of individual earthquakes remains as valid today as it was 50 years ago.
